The spined phenotype has a substantial pelvic girdle with well developed pelvic spines, three dorsal spines and lateral body plates ( Figure 1A,B) . By contrast, the spine-deficient phenotype has only two dorsal spines, no plates or pelvic spines ( Figure 1C) ; in some fish, the pelvic girdle is absent ( Figure 1D 
1I). Scanning EM reveals small areas of raised cells which form discrete 'tucks' (
. By contrast, no sign of buds could be detected in spine-deficient fish, even by scanning EM (Figure 1L,M) , at any stage from hatching to 12 mm TL (n = 22). Thus, lack of pelvic spines is due to a failure of fin bud initiation rather than of subsequent skeletogenesis.
We examined expression of genes associated with vertebrate hindlimb/pelvic fin initiation in both phenotypes from hatching to 12 mm TL. PCR fragments of stickleback genes were obtained using primers designed against conserved regions of such genes in other species.
Tbx4, which can induce ectopic hindlimbs in chick embryos [6] , is first detectable in pelvic fin buds in spined fish at 5 mm TL, as in zebrafish [7] ( Figure 2E,G) . The finding that Pitx1 is not expressed in the pelvic region of spinedeficient fish suggests that Tbx4 is not directly responsible for fin loss. In mice, Pitx2 compensates partially for absence of Pitx1 in hindlimb development [9] , but because Pitx2 is asymmetrically expressed in early mouse embryos, right limbs in Pitx1 knockout mice have more severe defects. It is striking that the right is also more affected in stickleback pelvic reduction (this 
study and [4]
). However, in contrast to hindlimb development in higher vertebrates, pelvic fin bud development is delayed in sticklebacks and other teleosts. We could not detect Pitx2 expression in pelvic fin buds in spined fish ( Figure 2I ) (n = 11) nor in pelvic regions of spine-deficient fish (n = 14) from hatching up to 12 mm TL, although transcripts were seen in other regions ( Figure  2I ). We propose that pelvic spine deficiency is due to absence of Pitx1 expression coupled with lack of compensation by Pitx2 due to the heterochrony of fin development. The basis for the asymmetry of pelvic reduction in the absence of Pitx2 remains to be determined [11] .
In other stickleback populations, the same gene may be responsible for several aspects of the phenotype [2] and Pitx1 is also expressed in presumptive lateral plates and dorsal spines ( Figure  2H ). Furthermore, Pitx1 knockout mice exhibit defects in jaw and branchial arch development that might parallel changes in head shape in spine-deficient fish. Finally, Pitx1 gene dosage leads to a range of phenotypes in mice, which could be relevant to the range of pelvic reduction, spine loss etc. in populations of threespine stickleback. 
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